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INTRODUCTION
The primary purpose at the beginning of the investigation
described in this theeis wae a further study of compounds closely
related to Luminal.* Luminal is a member of the cyclic uraid group
of hypnotic drugs and has the following constitution!
H - N C - 0
| >C 2HS Luminal
0 c C 5,5-Bthylphenylbarbituric acid
I |
X
C6HB
H - N C * 0
It is variously known as Phenobarbital (7), 5,5-Bthylphenylbarbiturio
acid, and Ethylphenylmalonylurea.
From a purely scientific viewpoint, as well as a more
practical one, such a study as the present is of great Interest and
significance. The research carried on by former workers in this
field has been extensive, but their efforts have little more than
prepared the way for a greater development.
The original plan of the investigation consisted of two
general divisional (l) a r eview of known methods for the
preparation
of intermediate compounds, with an attempt at improving means
of
synthesis | (2) the synthesis of new compounds of the
Luminal type. In
the first, emphasis was placed upon the preparation
of intermediate
compounds that could either be used directly or modified
te suit the
requirements of the immediate problem. In the second
the object wae
J. J. Chap, "A Study of the Reactions Involved
in the
Preparation of Luminal and Related Compounds". Theeis
for M. Sc.
degree, M. S. C, 1932.
to affect substitution of the hexyl group as the alkyl radical
part of an alkylphenyl-substituted barbituric acid of the follow-
ing composition
t
H - H C « 0
0 » c 3,5-Hexylphenylbarbituric acid.
j I CeHa
H - M C - 0
Such a compound would be named 5,5-Hexylphenylbarbituric acid or
Hexylphenylmalonylurea.
In the synthesis of this hitherto unknown compound some
known processes were originally followed. By successive triale these
were modified and improved, and new methods were developed in order to
obtain a satisfactory procedure.
REVIEW OF LITERATURE
The following review includes only that material ritally
concerned with the work done. Methods and precedures closely re-
lated to the proeesees studied are given in greater detail.
The synthesis of Luminal has been accomplished in several
different ways. One of the best known methods is that of II. Rising
and J. Stieglitx (9), who undertook its preparation as a war measure.
Their procedure was as follows:
C6HeCHaCN+CH80H+HCl+Ha0 > C8H8CH2C0aCH8+ NH4CI
Benzyl Phenylaeetie
cyanide methylester
C aBBCHflC0»CH8*(C0aCHa) 8 GHa02C»C(£3«a)-C(C6H5)(C0s
CH8)+2CH80H
Dimethyl Sodium oxalylphenylacetic
oxalate dimethylester
CH80aC»C(OWa)-C(C6H8) (G0aCH8) CH80aCC0.CH(CoH6 ) (COsCHahNaJEO*
Oxalylphenylacetic di-
methylester
CH80aC«00.CH(C6HB)(COa0Hs ) » CeH5aH(C02CHs ) 2+C0 f
Fhenylmalonie
dimethylester
C 6H8CH(C02CH8 ) a+CaH5I J£SS£*-> (C6H5)(C8H5
)C(CO20H8^HaI+CH80H
Ethylphenylmalonio
dimethylester
00(008. H)HN H-N «
k' 0** 0 - 0 !aSS5i-» 0-0 * 2GH80H
|^CeH6
I
1
I
C0(0CH8 H)HN H-H
0*0
Ethylphenyl- Urea Luminal
aaloaie 5,5-Ethylphenylbarbituric acid
dimethylester
4In brief, they started with benzyl cyanide* G 6H5GH2CN, and synthesized
phonylmalonic dimethylester,
C6H6 ^COOCH8
H ^COOGHg
This was then alkylated to ethylphenylmalonie dimethylester,
CeH6 ^C00CH8
C«H6 ^"COOCHg
and finally this latter product was oondensed with urea (4) to yield
5,5-Ethylphenylbarbituric aoid or Luminal.
Their difficulty seemed to be in the lew yield of the first
main product , ve»
. ,
ethylphenylmalonie dimethylester , which was 41 per
cent based on the bensyl cyanide used. Efforts were later made by M.
Rising and Tsch-lu Zee (HO)to improve this yield* One of their methods, as
expressed by the following equations, proved successful in obtaining
the product but net in increasing the yield:
C6H5CH2CH+lteHH2+C2H 5I * C dH6(C2H5
)CH(CM)+NaI+NHs
Bensyl Phenylbutyro-
cyanide nitrile
2C6H8(G2Hs)CH(CH)+aNa * SCaMCjHsCHatClO+H, T
Sodium salt of
phenylbutyronitrile
C6He(CsHB)CSa(CK)+C10O8CH8 * NaCl+(C«HB ) (C2H8)C(C02
CH8(CN)
Chloroformic Bthylphenyleyanoaeetic
methyle8ter methylester
CAHB(C2H8)C(002CH8(GN>+H20+CH8QH I&+ (0^) (OgHaWCO^Hs^NlLiCl
° Ethylphenylmalonie
dimethylester
C0(0CH8 H)HN H-N 0-0
C0(0CH8 H)HK H-N
0=0
Ethylphenyl- Urea Luminal
malonio
dimethylester
In the above procedure benzyl cyanide, U 6H8CH2CN, is the Initial
compound which is alkylated to phenylbutyronitrile, C6HB(C2H6)CH(CM).
This latter product is converted into ethylphenyleyanoaeetie methyl-
ester,
CftH* ^C02CH8
which in turn is converted into ethylphanylaalonic dimethylester,
c,jH8 . Go2CHa
G0a°H«
This was condensed with urea as before to obtain Luminal,
H - N 0 - 0
I 1^ CSH6
o = c OCT
H - C C = 0
The yield of ethylphenylmalonic dimethylester by this process was
27.4 per cent baaed on benzyl cyanide* Since this afforded no im-
provement over the previous procedure, another method was later
developed by M* Rising and Tach-Wu Zee (11) in which the yield of
the eater, calculated from the amount of benzyl cyanide uaed, was
43,1 per oent. Here was an increase of slightly more than two per
cent over the first method given above. In this later plan the
following reactions occur:
CJI 5CHaCN+NaNH2 C2H5I •> (CeH5)(C2HB)CH(CllhNaI*NH8
Benzyl oyanide Phenylbutyronitrile
(CaH8)(C3H R)CH(GN)+CH8(ffl+HaO -SSi* (C8H8 ) (CgH^CHfCQsCHs^NHtCl
* Ethylphenylacetic
methylester
2(C8H5 ) (C2H 5)CH(C08CH8)*2Na 2(C8HB>CaH8)C'Ha(C0sCH8)+H8 t
Sodium salt of
ethylphenylacetic
methylester
(C6H5)(Ca^)t3.H»(C0gCHa)+ClC0aCH8 * (CeH8 ) (CjH^C(CQ&^NaCl
Chloroformic Ethylphenylmalonic
methylester dimethylester
As above,benzyl cyanidt is first oonverted to phenylbutyronitrilei
but this product is then used In synthesizing ethylphenylacetic
methylester which reacts with chloroformic methylester, ClCOgCH*,
using sodium as a catalyst, to yield the ethylphenylmalonic dimethyl-
then be condensed with urea as above to obtain Luminal*
Thus, three methods of preparing ethylphenylmalonic dimethyl-
ester hare been devised and attempts made toward their perfection.
Nelson and Creteher (6) also studied the synthesis of phenyl-
malonic dlethylester (8) (12) (13) (15),
realising its importance as an intermediate in the preparation of
Luminal type of compounds. This synthesis involved the preparation
of phenyloyanoaeetic ethylester,
06H8 . ^CH
They employed two methods! that of Hessler (5) and of Bodroux (2).
Each of these methods effects the following reaction
i
ester, This can
2C6HoCH2CN+2(C8H5)aC08(+2Ha )
Benzyl Diethyl- ((+NaNH2);
cyanide carbonate
*•* aC6H8CH(CN) (COgCaHg) 2C2HB0Na*H2
Phenylcyanoaoetic (NH8)
ethylester
In both procedures benzyl cyanide and diethylcarbonate are condensed
by means of a catalyst, in the first case sodium and in the second
aodamide. Hessler reported a yield of 55 per cent for phenyloyano-
acetic ethylester based on benzyl cyanide used, while the Bodraux
method gave 70 per cent on the same basis*
Sine* phenylmalonic esters are not alleylated in good yield,
Nelson and Creteher (6) conceived the idea of alkylating benzyl cyanide
bafore reaction with diethyloarbonate. In tbJsi way they obtained phenyl-
butyronitrile as Rising and Tsch-Wu Zee had done, as previously discussed,
but all attempts to react this with diethylcarbonate failed.
They then tried the conversion of phenylcymnoacetic ethylester
to phenylmalonic diethylester and subsequent alkylation according to
Wislioenus (»6) (17) as follows t
HC1
CeHgCHCCNjtCOgCaHsJ+CaHsOH+HOH * C«H8CH(C0aCaH6 ) a+NH4Cl
Phenylcyaneacetic Phenylmalonic
ethylester diethylester
06H8CH(C0SC8H5 ) 2+C8H5I
-^SfiSs* (C6H 5)(C8H5)C(C08C8He ) 8+RaI+C2H80Ha
Phenylmalonic Ethylphenylmalonie
diethylester diethylester
In this process phenylcyanoacetic ethylester,
H^ ^-COOCaHs
is transformed into phenylmalonic diethylester,
CgH, .COOCsHo
^ G00C 2H5
and an ethyl group introduced into this latter compound by
alkylation
with ethyl iodide, CgHsI, i« presence of sodium
ethylate, CaH60Na,
as catalyst. This general method of alkylating malonioesters was
modified in several ways and used in the present investigation.
THEORETICAL DISCUSSION
AND
PLAN OF EXPERIMENTAL WORK
In all the procedures outlined above the important
intermediate has been the alkyl-substituted phenylmalonic ester
of the type,
C6H« ^COOR
R 1-^ ^-COOR
in which the alkyl group, R, is methyl, CHa , or ethyl,
C 2HS , and
r' la athyl or other alkyl group. It seemed desirable
to attempt
direct alkylation of phenyleyanoacetic ethylester,
H
"""^ C00C2Hc
without first converting it into the malonieester,
thus eliminating
one step in the synthesis of the
alkylphenyl-sub.titut.d barbituric
acid. No direct reference to this method
was found in the literature
Therefore, the method of Wi.Hcenue (17) used in
alkylating malonic-
•sters was adapted for the alkflation of
phenyleyanoacetic ethylester
N-hexyl bromide, C6H13Br, was the alkyl
halid. to be used according
to the following reaction j
9G6H5OH(CN)CoaCaHs)+C6HiaBr
-^Jg-* (C6H8) (CeH^CtCN) (C02C2H5)+NaBr*NH,t
Phenylcyanoacetic oaHB(*a Hexylphenylcyanoacetic
ethylester ethylester
The sodium ethylate, C 2H 50Na, which acts as catalyst, was formed by the
reaction of sodandds and absolute ethyl alcohols
NaNH3 • GaHBOH » C2H50Na NH8 |
Sodamide Ethyl Sodium
alcohol ethylate
For preparing the phenylcyan**cetic ethylester both the method of
Hessler (5) and that of Bedroux (2) are applicable.
iocording to a German patent referred to by Barroweliff and
Carr (l), Veronal,
H - N G « 0
o - c cC
„
H - M C - 0
5, 5-diethylbarblturic aeid, was prepared by condensing diethyloyano-
acetic ethylester with urea as fellows
t
NH H
I 4
,CN H2N CoHftONa /C N\
(GfeH5 ) 3.G^ >0 <C8H8a.O ;>0+CaHBGNa
^C00C2HB HaH C H
Diethyloyanoacetic Urea J j Iminodiethyl-
ethylester 0
H malonylurea
NH H 0 H
II 1 I . *
C ——- N HC1
——
—
(CSHB ) 2.< >-<HH20 »t;2H^.C^ O0+NH4C1X
C N 5 — H
8 I • \ iOK OH
Veronal
In brief, diethylcyanoacetio ethylester, (C2H6 ) 3 .C(0N) (C02C3Hs )
,
was condensed with urea in the presence of sodium ethylate to
yield iminodiethylmalonylurea,
NH H
II \
C Nx
(C2H5 ) a .C. > - 0X
C fT
H !
.
- ..J. H
which was converted, by hydrolyting with dilute hydrochloric acid,
into Veronal or 5,5-diethylbarbituric aoid.
It was thought that the above procedure might be used In
the present work, employing hexylphenylcyanoacetic ethylester,
C«H5 CN
c«Hi8 COaCaHg
in place of diethylcyanoacetio ethylester. In the above planned
syntheses both the hexylphenylcyanoacetic ethylester and the
5,5-hexylphenylbarbiturie acid,
H - N 0= 0
o * c cC„ „
H - H C - 0
are new compounds. The latter, because of its structural similarity
to Luminal and also because of the presence of the hixyl group, may
possess valuable hypnotic and sedative properties.
EXPERIMENTAL PART
The experimental work of this investigation may be
separated into three rather well-defined parts
i
I. Preparation of Phenylcyanoacetio Bthylester.
II. Synthesis of Hexylphenyleyanoacetie Bthylester.
III. Synthesis of 5,5-Hexylphenylbarbiturie Acid.
Since this division of work was chronological, each part
will be discussed in the above order.
X» Preparation of Phcnylcyanoacetic Bthylester
As previously stated, two methods were used in preparing
phenylcyanoacetio ethylester; one of Hessler (5) and one of Bndroux
(2).
(a) By Hessler* s procedure*
In Hessler's procedure bensyl cyanide, C6H8CH2CN, is con-
densed with diethylcarbonate
,
(C2H8 ) 2C0 S , by means of sodiums
2C6H6CHaCN+2(CaH B ) aC0s+2Na * 2C6H5CH(CT)C0aCaH3+2CaHoOHa+Hat
Benzyl Diethyl- Phcnylcyanoacetic
cyanide carbonate ethylester
Sodium, 10*9 g., in wire form, were added to a solution of
56 g. of diethylcarbonate (b.p. 125-6°C.) ih 360 eo. of absolute ether.
After a slight reaotion had subsided, 56 g. of bensyl cyanide (b.p. 105-110°
at 13 mm.)
were added in small portion! to the mixture through a reflux
condenser. Hydrogen began to escape at once, and the sodium
waa colored golden yellow. The temperature soon rose to the
boiling point of ether; consequently, the flask was eoeled with
running water until the greater part of the sodium had gone into
solution* The mixture was then allowed to stand for twelve hours,
during which the reaction product separated out as a yellow,
crystalline solid under a supernatant, brown ether layer.
Dilute sulfuric acid, 20 per cent by weight, was now
added to acidity, and the yellow solid dissolved. The ethereal
layer was separated, washed with water, and dried over calcium
chloride for one day. After distillation of the ether a brown
oil remained. This was distilled at reduced pressure (18 mm.) with
the following results
i
Fraction Temperature
1 Up to 115°C
2 115°-190°C.
A redistillation of fraction 2 at 18 mm. yielded two fractions!
Fraction Temperature Weight
2* Up to 145°C. 12 g.
2b U5°-175°C. 31.9 g.
residue 3 g.
The latter second fraction, 2b , was a slightly yellow liquid, boiling
principally at 160°C. at 18 mm. This was a yield of 35.2 per cent
compared to 55.2 per cent of Hessler. That the reaction is not complete
13
is probably due to the fact that soma of the sodium react* with
the alcohol formed in the condensation.
Phenylcyanoacetie ethylester prepared only once by
this aethod t since better yields eould be obtained by tha procedure
given below.
(») By Bodroux' procedure :
Bodroux' method was similar to that of Hesslar in that
benzyl cyanide and diethylcarbonatet were condensed together, but the
condensing agent was sodamide, NaNH2 » The reaction probably occurs
as follows
i
CeHsCHsCK+tCgHg^Os+SaHHa C6H8CNa(CN)(C08G8H8)*GsH5aH+SH, f
Benzyl Diethyl Sodamide
cyanide carbonate
CeHaCNaCCNKOQaCsH^HCl * CeH8GH(CN)(C0aCaH6 )+HaCl
Phenyloyanoacetic
ethylester
As modified by Nelson and Greteher (6), the following materials were
used i
Benzyl cyanide, 117 g.
Diethylcarbonate, 150 g.
Sodamide, 42 g.
Absolute ether, 300 g.
Anhydrous ether, 300 g. , (dried over sodium) and 42 g. of
pulverized sodamide were placed in a dry, 2-liter, 3-necked, round-
bottomed flask* A mercury-sealed stirrer was passed through the
middle neck and a dropping funnel and tall reflux condenser were
fitted to the side nooks. Tha mixture was stirred constantly and
117 g. of freshly distilled benzyl cyanide (b.p. 102-104°C. at 10 mm. )were
added dropwise. A vigorous reaction ensued with evolution of
ammonia, the solution turning brown. After all the benzyl cyanide
had been added, the reaction mixture was boiled en a steam bath for
half an hour. While .till warm, 150 g. of frashly distilled
diethylcarbonate (b.p. 124-126°0.) were added dropwiee. Re-
placement of ether lost by evaporation was necessary. Near
the end of the addition of diethylcarbenate the reaction
mixture became viscous, turned light brown, and solidified in
a short time. After adding all of the diethyloarbonate the
mixture was heated for half an hour on the steam bath. It was
then coeled with running water and dilute hydrochloric acid,
1*4, added until the aqueous layer was asid to litmus. The
ethereal layer was separated and dried over calcium chloride for
one day. After removal of the ether and distillation at reduced
pressure the following results were obtained (two trials combined)*
Fraction Pressure Temperature Yield
1 9 mm. Up to 140°C. 15.0g.
2 9 ma. 140°-148°C. 115.5 g.
3 10 mm. 148°-153°C. 90.5 g.
The first fraction upon redistillation at 10 mm. yielded 10 g. of
slightly yellow liquid boiling from 140-148°C. The total yield of
product, b.p. 140-153°G.,was 216 g. This equals 57.1 per cent of
the theoretical based on the benzyl cyanide used, as compared to
70.3 per cent of Bodroux.
The second and third fractions above were practically
colorless liquids. Pure phenylcyanoacetic ethylester is a colorless
liquid insoluble in water, but readily miscible with organic sol-
vents (5). Its boiling point is 165. 5°C. at 20 ma. or 275°C. et
ordinary pressures with only slight decomposition. It has a
specific gravity of 1.09 at 22°C. (Westphal). Geld dilute acids
do not affect it, but it will dissolve readily in aqueous alkalies.
If the alkaline solution is acidified at once the ester may be re-
covered, but after standing some hours it is hydrolyzed to phenyl
-
cyanoacetic acid, G sH eCH(CH) (COOH)
.
Phenyleyanoacetic ethylester was prepared three times by
the above method. The results for two of the preparations have
been given above. The other preparation, using smaller quantities
of materials, resulted in a yield of 49 g. (43.5jt) ef a product
boiling chiefly at 153-154*0. at 11 mm.
II. Synthesis of Hexvlphenylcvanoacotic Ethylester
The preparation of this compound involved new methods
and modification of existing ones. According to the literature
reviewed not only is the plan of attaok different from that of
former syntheses, but the compound itself has likewise never been
known before.
From the method of Wislieenus (17) for the alkylation of
malonicesters came the idea of attempting direct alkylation of
phenyleyanoacetic ethylester without conversion previously to the
maionieester. The reaction is thought to be:
ether
CeHg.CHCCNMCOgCsH^+NaHHa -----^ C6H5CNa( CM) ( C02C 2H5) *NHg |
Phsnylcyanoaeetic Sodium salt of
ethylester phenylcyanoacetic
ethylester
CeHgCNafCNMCOaGaHehCcHisBr » (CeHB)(CeH18)C(CNXC08CsH5)+HaBr
n-Hexyl Hexylphenyleyanoacetic
bromide ethylester
In order to secure the best conditions for alkylation it
eeemed desirable to uge absolutely anhydrous materials and protect
the reaction from outside factors by suitable apparatus. For
obtaining absolute ether and alcohol, the two solvents employed,
special precautions were observed. Ordinary ether was first washed
with a saturated aqueous solution of sodium chloride to remove
alcohol usually present, as well as other impurities miscible with
water. The washed ethemas then allowed to stand ever stick sodium
hydroxide for a week to remove most of the water. The small amount
of water remaining was removed by treatment with sodium wire for a
period of one to two weeks. Absolute alcohol was obtained by first
removing the water Srom 95 per cent alcohol with lime in the usual
manner, and then treating this aleohel with enough sodium to com-
bine with the remaining water; to be sure of removing all water,
the amount of sodium used was calculated on the assumption that one
per cent of water was present, although in reality not more than
two to three tenths per cent were present.
The apparatus employed was designed to maintain anhyd-
rous conditions during alkylation. It consisted of a 1 liter, 3-
necked, round-bottomed flask, through the middle neek of which was
passed a mercury sealed stirrer, a condenser with drying tube
connected to one side neck and a dropping funnel pasted through
the other. This equipment was evolved after one experiment had been
performed and the means of improvement seen*
(a) Hexylphenyloyanoacetlc ethylester. I.
The first preparation of hexylphenylcyanoacetic ethylesfer
was an adaptation of the method of Wislicenus which has been described
in detail for malonicesters by Conrad and Limpach (3). Neither a
3-necked flask nor a stirrer was used, but ether was employed as one
of the refluxing mediums. The materials were in the following propor-
tions :
Phenylcyanoacetic ethylester. 15 g.
n-Hexyl bromide, 14 g.
Sodium cubes (small) 1*6 g.
Absolute ether, 200 ce.
Absolute ethyl alcohol, 30. g.
Sodium cubes, 1*6 g., and 200 ce. of absolute ether were
placed together in a 1 liter round-bottom flask under a reflux con-
denser on a steam bath. Phenylcyanoacetic ethylester, 15 g.
,
CgHgCH(CN) (C02CgHg) , (b.p. 160°C. at 18 mm.) were added slowly
through a dropping funnel, during which hydrogen was evolved and a
small white precipitate formed, probably the sodium salt having the
composition C6H6C.Na(CN)(C02G2HB). Since the reaction seemed very
slow, 30 g. of absolute ethyl alcohol were added to the reaetion
mixture causing solution of the remaining sodium. Then 14 g. of
n-hexyl bromide (b.p. 75-78° at 65 mm.), were added slowly to the
contents of the flask. After refluxing several hours there was a>
formation of a heavy yellow precipitate, probably an intermediate
sodium salt of unknown composition. The refluxing was continued
for four days, during which there was a marked increase in the
amount of precipitate in the flask. On the third day approximately
half of the ether was volatilized in order to increase the tempera-
ture of the reaction* At the end of the refluxing period there was
a heavy white precipitate of sodium bromide below a supernatant
yellow liquid. That the reaction did not go to completion was shown
by the fact that the mixture in the flask remained alkaline. It was
necessary to neutralise it with dilute sulfuric aoid (20 per cent).
Enough water was then added to dissolve the sodium bromide, and cause
separation of the ethereal layer containing the alkylated ester. The
ethereal layer was separated, washed with water twice, the washings
extracted with ether and the ether extracts combined and dried over
anhydrous calcium chloride.
The dried ether extract w as volatilized to remove the ether
and the residue distilled under reduoed pressure (16 ma.) with the
following r esults.
traction Temperature
1 Up to 122°C
2 122°-194°C.
The seeond fraction was redistilled at 15-16 am. t
Fraction Teaperature Yield
2* Up to 176°C. 3 g.
2* 176°-193°C. 9 g.
residue 5 g»
19
By far the greater portion of the latter second fraction, 2*,
distilled at 187°-189°C, and »as colored light yellow. Based
on the n-hexylbrondde used, the yield of 9 g. was 41.5 per oont
of the theoretical.
(b) Hexylphenvloyanoacetic ethylester. II .
The second preparation of hexylphanyleyanoaoetic ethyl-
ester employed the modified apparatus described above and also
the use of sodamide, NaNHg, in place of sodium. However, no ethyl
alcohol was used and the product obtained was evidently not the
desired alkylated ester as shown by its boiling point, 14Q°-162°C.
at 10 mm. Further proof of its identity was secured by attempt-
ing conwcrsion to the final product, 5,5-hcxylphenylbarbituric acid,
with no good results. Thus the use of alcohol as one of the solvents
was proved to be necessary by this and following experiments.
(c) Hexvlphenyleyanoacotic ethylester. III.
The third preparation of the alkylated ester was performed
using all the modifications thus far indicated.
*he materials taken were:
Absolute other, 300 co.
Sodamide (powdered), 12 g*
Phenyleyanoacetic ethylester, 66 g.
Absolute ethyl alcohol, 80 g.
n-Hoxyl bromide, 50 g.
Absolut* ether, 300 cc, and 12 g. of powdered sodamide
were placed in a 1 liter 3-necked, round-bottom flask on a steam
bath and a morcury sealed stirrer started. After allowing
the
contents of the flask to reflux gently fer a short time, 66 g.
of phenylcyanoacetic ethylester (b.p. 148°C. at 9 mm.) were
added dropwise and formation of a heavy white precipitate
observed. Absolute ethyl alcohol, 60 g., was added* the reac-
tion mixture turning light tan. The refluxing and stirring
were continued overnight. At the end of this time 50 g. ef
n-hexylbromide (b.p. 75-78°G. at 65 m.) were added slowly, as
well as 5 g. of the ester, to insure completeness of reaction,
and 20 g. of absolute ethyl alcohol. After allowing the re-
action mixture to stir and reflux for thrae days, about half the
ether was volatilised. At this point the temperature of the con-
tents of the flask was 53°G. On the fourth day the refluxing and
stirring were stopped. By addition of 20 per cent sulfuric acid
the reaction mixture was mads slightly acid. Enough water was
added to dissolve the sodium bromide formed by the reaction, and
te cause separation of the ethereal layer. The latter was washed
twice with water, the washings were extracted with ether, and the
total ether extracts combined and driod over anhydrous calcium
chloride for one day. After volatilizing the ether and distilling
the residue at 10 mm. the following fractions were obtained*
Fraction Temperature
1 Up to 140°C. .
2 140°-185°C.
On redistillation of the second fraction*
Fraction Temperature Yield
2a Up to 170°C. 2 g.
2b 170°-185°C. 50 g.
The latter second fraction, 2D , was a heavy, slightly yellow
liquid boiling chiefly at 182 0-184°O<at 10 nun.). Calculated on
amount of hexyl bromide used this was a yield of 60.5 per cent,
(d) Hexylphenylcyanoacetio ethylester. IV .
The fourth preparation of hexylphenylcyanoacetic ethyl-
ester was carried put under conditions almost identical with those
of the one preceding, except that slightly larger quantities of
materials were used. In this ease the yield of ester was increased
to 66 per cent. After three redistillations a very pure colorless
product was obtained which boiled at 178°-180°C. at 8-9 on. The
per cent nitrogen in this compound was determined by the KJeldahl
method with the following results s
Found Theoretical
1. 5.238JJ )
2. 5.213^ j 5.125^
3. 5.2545* )
From the experiments just described, hexylphenyloyano-
acetie ethylester i» a colorless liquid boiling at 187
e
-189°C. at
15-16 ma., 182°-184°C. at 10 mm., and 178°-180°C. at 8-9 mm. It
possesses a sweet, distinctive odor, is heavier than water, and
miscible in all the common organic solvents.
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III. Synthesis of 5,5-HoxyIphenvlbarbituric Acid
The preparation of this compound was performed accord-
ing to the specifications of a German patent as given by Barrow-
cliff and Carr (1) for Veronal, 5,5-diethylbarbituric acid. Several
changes vers made in method after one experiment had been carried
out and means of improvement noticed
The following reactions are thought to occur:
H NH ?
1 i
CK H.N C N
r GeH5 / <wi i
C0(0C2H8 H).N C
H 0 H
Hexylphenyl- Urea Iminohexylphenylmalonylurea
cyanoacetic
ethylester
I 0 H
l « 1
0 ff C N
c*H^i j . o at;
C6Hi
>c i . o ; nh4ci
C N § HHI 8 1OH OH
5,5-Hexylphenylbarbituric acid
By condensation with urea the hexylphenylcyanoacetic ethylester,
using sodium ethylate, NaOCsfla, as a catalyst, is converted into
iminohexylphenylmalonylurea which is hydrolysed in the presence
of 3.3 N hydrochlorio acid to form 5,5-hexylphenylbarbituric acid.
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(a) 5.5-HoxylphenYlbarbiturlc acid* I .
The initial synthesis of 5,5-hexylphenylbarbituric acid
was carried out almost exactly according to the directions of the
German patent mentioned above for Veronal. The materials used in
the latter's synthesis were given as follows
i
Sodium, *6 parts
Absolute alcohol, 800
"
Diethylcyanoacetic ester, 169
Urea, 70
-
The materials used in the present synthesis were in the proportions
given belowt
Sodium, !•* 8*
Absolute alcohol, 80 g.
Hexylphenylcyanoacetic
ethylester , 8 f
•
Urea, 2,1 *>
One and four tenths grams of sodium were dissolved in
80 g. of absolute alcohol in a 500 cc. round-bottomed
flask with
reflux condenser. After cooling, 2.1 g. of urea and 8 g.
of
hexylphenylcyanoatectc ethylester (h.p. 18f-189°C. at 16 mm.)
were
added and the mixture refluxed on a steam bath for
three days. A
heavy white precipitate of the intermediate sodium salt,
formed
gradually during this time. The alcohol was then
distilled off and
the residue dissolved in water. The resulting
solution was extracted
with ether to remove any unchanged ester. By
neutralising the aqueous
layer with concentrated hydrochloric acid a white
flocculent precipi-
tate of iminohexylphenylmalonylurea was obtained.
This was recry.tal-
lised from five liters of boiling water, and
appeared as a white flaky
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crystalline solid. Its melting point was found to be 235°-238°C.
The latter product was dissolved in 100 cc. of 3.3 H
hydrochloric acid and the solution boiled for 15 minutes. 5,5-
hexylphenylbarbituric acid s ettled out on cooling as shining
platelets which were recrystallised from one liter of boiling
water. After drying in a vacuum desiccator over calcium chloride
a yield of 0.2 g. of white crystals was obtained. This is 2.4 per
cent of the theoretical yield based on the amount of ester used.
The melting point was determined to be 156°-157°C.
The above properties indicated a new compound unlike any
similar known one. To establish its identity the remaining experiments
were conducted as given below:
(b) 5^-Hexvlphenylbarbituric aeid. II .
As previously stated, the second preparation of 5,5-hexyl-
phenylbarbiturie acid was merely a cheek on the identity of the
hsxylphenylcyanoacetic ethylester synthesiaed the second time. Since
it was found that the ester was not the desired compound and conse-
quently the preparation cf the barbituric acid was not euccesful,
the
details of this experiment will not be given.
(c) 5.5-Hexylphenylbarbituric acid. III .
The third synthesis of the alkylphenyl-substituted barbituric
was by far the most successful of any similar expe riment conducted.
Several modifications of the former method were profitably
used. One
of these was the use of a 3-neeked, 500 cc. round
-bottomed flask fitted
with a mercury-sealed stirrer, dropping funnel and
condenser. The use
of the stirrer not only hastened the reaction but made
it more complete.
Another modification was the use of ethyl alcohol as the solvent
from which 5 t 5-hexylphenylbarblturic acid was recrystallised by
adding two volumes of water. Because of the small solubility of
the compound in hot water, recrystallisation had formerly been
difficult and attended by possibility of loss. In the new method
much time was saved and in addition chance of loss was decreased.
The materials taken were:
Hexylphenylcyanoacetic ethylester, 30 g.
Urea (dried at 90° for two days) 7.7 g.
Absolute ethyl alcohol, 150 g.
Sodium, 5 g*
Five grams of sodium were dissolved in 150 g. of
absolute ethyl alcohol in a 3-necked, 500 co. round-bottomed
flask fitted with mercyrysealed stirrer, condenser with drying
tube, and dropping funnel. After solution ef the sodium, 7.7 g.
of powdered urea end 30 g. of hexylphenylcyanoacetic ethylester
(b.p. 182-184°C. at 10 nm.) were added successively. The mechani-
cal stirrer was started and the reaction mixture allowed to reflux
on a tteam bath for two days. At the end of this pjriod alcohol
was distilled off to obtain a heavy tan colored precipitate which
was dissolved in water. Upon extraction with ether to remove
unused ester a heavy white precipitate formed at the ether-water
junction. Similarly, a white precipitate settled out of the aqueous
layer on standing. Both of these precipitates proved to be the im-
inohexylphenylmalonylurea, since subsequent hydrolysis of each with
50 cc. of 3 N hydrochloric acid gave a crystalline compound which,
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after recrystallization from ethyl alcohol, shoved malting points
of 155°-1570C, and 154°-15«° C. respectively. The yields were
0*5 g. and 1.1 g. in the same order.
The aqueous layer above was neutralised with concentrated
hydrochloric acid to obtain a third precipitate of iminohexylphenyl-
malonylurea. This was recryatallized by dissolving in one volume
of 95 per cent ethyl alcohol, and adding two volumes of water to cause
precipitation. The melting point of the dried product was 240°-242°C.
and the crystalline form that of white shining platelets. After hydro-
lysis with 50 cc. 3*3 N hydrochloric acid and recrystalliaation from
95 per cent ethyl alcohol, the dried product had a melting point of
o
152-155 C. A yield of 0.3 g, was obtained. The total of 1.9 g. of
5,5-hteylphenylia^bituric acid was 6 per cent of the theoretical cal-
culated upon the amount of ester used.
In order to establish the identity of the above compounds
carbon and hydrogen content were determined by the combustion method
and nitrogen according to Kjeldahl, using the sanples whose melting
points were 154°-156°C, AO, and 155-157°C. , AM. Results we given
below!
Carbon Hydrogen Nitrogen
Theoretical 66.63J. 5.996$ 9.717%
1 AO 67.79JS 7.26% 9.403$
2 AO 66. 3£ 7.16 9.502
3 AN 66.46 7.16
4 AN
i-
66.33
3
~~TVT3
7.08
All of these values are within the limits of experimental error
and give definite proof of the composition of the 5,5-hexylphenyl-
barbituric acid.
U) Other syntheses of 5.5-hcxvlphenylbarblturic acid .
Two more syntheses of the barbituric aeid were performed
to demonstrate the validity of the above processes. It was found
that longer refloxing during condensation of hexylphenylcyanoacetic
ethylester with urea did not improve the yield of the final product.
Melting points of the compounds were found to cheok with those pre-
viously determined. Other properties of 5»5-hexylphenylbarbituric
aeid are being determined.
CONCLUSIONS
The present work led to the development of a Method
for synthesizing a Luminal-type compound, which gives promise
of being generally applicable to a number of important substi-
tuted barbituric acids. The procedure is comparatively short
and can be performed with no great difficulty*
Two new compounds, hoocylphenylcyanoacetic ethylester
and 5,5-hexylphenylbarbituric acid, were prepared.
The synthesis of the ester involved a new method, vis.,
the ajkylation of phenylcyanoacetic ethylester, C6HBCH(CN)(C08C8HB )
,
with n-hexyl bromide, C6H18Br, to obtain hoxylphenyleyanoaeetic
•thylestor, C6H18(C6H8)C(CH) (C02C&& ) . Sodium ethylate, C8H60Na,
was employed as a catalyst and absolute ether as the refluxing
medium. The use of eodium ethylate as a catalyst was decided upon
as the result of four successive trials. The trials also showed
that a four-day refluxing period was necessary.
By a former method diethyleyanoacetic ethylester,
{Gaa e> ) zC{GN){COzC^l s>)t *as condensed with urea in the presence of
sodium ethylate as a catalyst to form 5,5-diethylbarbituric acid.
The validity of this method in tha preparation of our particular
barbituric aoid was shown by oondensing hoxylphenyleyanoaeetic
ethylester, C6H18(C6Hc)G(CN)(C02CaH8), with urea under
the same con-
ditions, the result being that 5,5-hexylphenylbarbituric aoid was
obtained.
Recrystallization of both the intermediate compound,
iminohexylphenylmalonylurea,
H - N C » NH
• *
f
H - N C - 0
and 5,5-hexylphenylbarbituric acid*
H - N C = 0
o * c cC
i
rc«H0
H - N C » 0
from 95 per cent ethyl alcohol by addition of two volumes of water
(instead of recrystallization from water) was a modification profit-
ably used to prevent less of product and to shorten the time of crys-
tallization.
This investigation has necessarily been limited to a small
part of a broad field of ressareh. Some idea concerning the scope of
this work has been indicated by Tabern and Shelberg (14).
Further research may revsal important uses of the compounds
whose syntheses have been outlined and shew their relation to valuable
hypnotic drygs.
30
BIBLIOGRAPHY
I. Barroweliff and Carr.
"Organic Medicinal Chemicals", 44; D.R.P.P., 156384, 156385.
Bailliire, Tindall and Cox, London (1921).
2* Bodroux.
"Condensation of Bensyl Cyanide with Esters",
Compt. rend., 151 . 234, 1358 (1910).
3* Conrad and Limpach.
"Alkylation of Malonie Esters",
Ann., 204, 119 (1880).
4. Fischer.
n
"Der Darstellung des Diethyl Barbitursaures"
,
Ann., 335 , 338 (1904).
S* Kessler.
"Preliminary Paper on Phenyl Malonie Nitrile",
Am. Chem. J., 32, 119 (1904).
6. W. Nelson and L. Cretcher.
"The Preparation of Ethyl Phenyl Malonate and of
5TPhenyl-Beta-Hydroxy Ethyl Barbituric Aeid",
J. Am. Chem. Soc, 50, 2758-2762 (1928).
7. Pharmacopoeia of the United States, U. S. P.j X.
"Phenobarbital" , 282.
J. B. Lippincott Co., Phila., Pa., Ed. 10 (1926).
8. Pickard and Yates.
"Optically Active Reduced Naphthoic Acids,"
J. Chem. Soc, £5, 1015 (1909).
9* M. Rising and J. Stieglitx.
"The Preparation of Phenyl Ethyl Barbituric Acid",
J, Am. Chem. See., 4fi, 723-730 (1918).
10. M. Rising and Tsch-fu Zee.
"A New Method of Preparation of Phenyl Ethyl Malonie
Methyl Eeter",
J. Am. Chem. See., 49, 541-545 (1928).
II. M» Rising and Tech-Wu Zee.
"Phenyl Ethyl Malonie Methyl Eeter . A New Method of
Synthesis"
, t
.
J. Am. Chem. Sec, 50, 1208-1214 (1928).
31
12* Ruhemann.
"Action of Ethyl Chlorofumorato on Monoalkylmalonie Esters",
J. Cham. Soe, 81, 1214 (1902).
13. Soheiblor and Mahboub.
"Bio Einwirkung ron Alkalimotallon auf Phonyleaaigester"
,
Bar., 6Q, 564 (1927).
14. D. L. Taborn and I. F. Shelberg.
H Physico-chemical Properties and Hypnotic Action of
Substituted Barbituric Acide",
J. Am. Chem. Soe., 55, 328-332 (1933).
15. Volhari,
•Condensation of Ethyl Phenyl Acetate with Ethyl Carbonate"
,
Ann., 296, 1 (1897).
16. Wialicenus.
"Der Darstellung des Phenylessigesters",
Ann., 296_, 361 (1896).
17. W, Wialicenus and Karl Goldstein.
"Synthesen ait Phenylmalonsaureester"
,
Ber., g8_, 815 (1895).
ACKNOWLEDGMENTS
For the selection of the topic, helpful
criticism and suggestion, and aid during this work
special acknowledgment is due Dr. Joseph S. Chamberlain.
Acknowledgment is also due to members of the Department
of Chemistry for Valuable assistance, to Mr. Enmett Bennett
for nitrogen determinations, and to others who helped in any
way with this thesis.
Approved t>y;
Graduate Conimittee
Date

